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views given out in that paper of the manner in which the various
elements most common in steel exert their influence in so materially
modifying the properties of the metal.
The following are the elements the action of which is considered,
viz., silicon, sulphur, phosphorus, manganese, chromium, tungsten,
and .titanium.
PKIVATE BUSINESS.
Mr. Sang's motion of January 16th, that Law XIY. be amended
by the addition of the words, " Excepting when there are five
Mondays in January, in which case the meetings shall be held on
the third and fifth Mondays of that month," was adopted by the
Society, with a verbal emendation. The following words were
accordingly added to Law XIY. : " Excepting when there are five
Mondays in January, in which case the meetings for that month
shall be held on the third and fifth Mondays."
Monday, 6th March 1882.
PBOEESSOB H. C. FLEEMING JENKIN, F.E.S,
Vice-President, in the Chair.
The Chairman intimated that a letter had been received from the
Imperial Society of Naturalists of Moscow, inviting the Society to
be represented on the 14/2 May 1882, at the celebration of the
fiftieth anniversary of the graduation of its VicerPresident, Dr.
Charles Eenard.
The following Communications were read:—
1. The Effect of Flame on the Electric Discharge. By
Dr. A. Macfarlane and Mr. D. Eintoul. (Plate IV. a).
The properties of flames of various kinds as generating electricity
and as serving to conduct a voltaic current, as also their behaviour
under the influence of a charge of electricity, have been investigated
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by several philosophers. * But, so far as we know, the effect of
flame on the electric spark has not been methodically observed, or
at all events has not been methodically measured. This was the
problem which at the opening of the College session presented
itself to us, and the results now attained by a course of experi-
menting appear capable of throwing some light on the solution.
We first made a number of tentative experiments, for the purpose
of finding out the general aspect of the phenomena, and the con-
ditions most favourable for exact measurement. An ordinary
Bunsen burner served to supply a flame luminous or non-luminous.
It was always connected with the earth, and the charged body was
in general a disc of 4 inches diameter, connected along with a large
Leyden jar to the insulated conductor of a Holtz machine. We
tried the disc in a position above the flames, but found that the
disturbing conditions introduced were, as was to be- expected,
rather numerous, namely, the heating of the disc and the covering
of it with soot, and the melting of the gutta-percha covering of the
connecting wire. Hence for a series of measurements we preferred
the disc placed in a position at the side, as represented in the
accompanying figures. (See Plate IV. a).
The series of observations finally attained are recorded in Tables
I. and I I . ; they are supported by the more preliminary observa-
tions. The charged disc was throughout placed at the side of the
Bunsen tube in a vertical plane, and so as to have its centre on the
same level with the mouth of the tube. The conditions varied
were—first, the nature of the flame; second, the sign of the charge
on the disc ; third, the height of the flame; fourth, the distance of
tiie disc from the tube. As regards the first variation two states
/rere observed, the one being the clear flame without any luminosity,
the other being the flame as luminous as possible. The height of the
flame was varied through a range from 1 cm. to 8 cm., but sometimes
the range was extended to the maximum height of the flame (about
20 cm.). In the case of the non-luminous flame, it was the
height of the apex of the cone that was measured off; while in the
case of the luminous, it was the extreme tip. The total height of
the former flame may be taken as double that of the cone. The
* A summary of what has been done is given in a recent paper by Holtz,
CarVs fiepertorium, vol. xvii. p. 269.
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distance of the tube was varied through a range extending from
1 cm. to 7 cm.
The method of measuring the potential required to produce the
spark was that employed in Macfarlane's previous experiments.*
The special arrangement of the apparatus is indicated by the
accompanying plan.
Earth
Earth
Earl
Earth
A and B are the two electrodes of a Holtz machine, of which one,
say A, was connected with the earth. An insulated wire joined B
to the knob of a large Leyden jar C, and C was similarly connected
with the disc D and with the insulated ball F. G, the other
insulated ball, was connected with one of the electrodes H, of a
Thomson quadrant electrometer, the other electrode K being earthed.
An uninsulated metallic plate L, with a hole in the middle of it, was
placed between F and G, for the purpose of diminishing the
influence of F on G. This is a modification of an idea introduced
by Professor Chrystal, namely, the placing of F inside a metallic
cube having a hole in the side next G.
* Trans. Roy. Soc. Udin., vol. xxviii. p. 633, or Phil. Mag., s. 5, vol. x. p.
389.
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Having decided upon our variables, we drew out the logical plan
exhibited in the Tables, and proceeded to fill in the observations
systematically. "We first observed the behaviour of the flame
under the influence of the charge, and also the mode of passing of
the spark, and then proceeded to note the readings of the electrometer
for three separate discharges. It will be observed, that where the
flame was in a steady state the three readings differ only by small
quantities, but that where the flame was in what may be called a
critical condition, the differences are relatively larger. The sign of
the electricity was changed by interchanging the connections at
A and B, and that was always accompanied by a simultaneous
interchange of the connections at H and K, in order that any bias
due to the electrometer might be eliminated. The mean differences
of potential obtained were reduced to absolute measure by taking
the mean of the differences of potential required to produce several
sparks between two parallel plates at a distance of 6 mm. apart.
For such a spark the absolute value of the difference of potential
is 46-52 C.G.S. units.*
The figures sketched (Plate IV. a) indicate the behaviour of the
flame, and the path of the spark in 24 representative cases. They
are drawn in proportion to the exact dimensions.
The results for a flame of constant height (Table I.) are repre-
sented on diagram 1. The first conclusion that may be drawn is,
that the difference of potential is greater when the disc is nega-
tively electrified, excepting that for small distances there may be
an equality or even a small difference the other way. The next
conclusion is, that it is greater for the non-luminous flame at the
smaller distances, but very much the opposite at the greater dis-
tances, particularly in the case of the negative luminous. If we look
at the notes or at the sketches, we shall find decided differences of
behaviour coexisting with these differences in electromotive force.
In the case of the negative electrification, the flame in general
assumes a pointed form, becomes diminished, and loses its luminosity
partially or wholly, or if already clear, becomes more bluish. But
at the smaller distances, the flame being able to form a bridge over
to the disc, remains with its tip in contact, and there are none of
the above changes. On the other hand, in the case of the positive
* Trans. Roy. Soc. Edin.y vol. xxviii. p. 652.
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of Edinburgh, Session 1881-82. 571
electrification, the non-luminous flame is not attracted powerfully,
and it retains its original size and character, while the luminous one
is thrown down into and over the mouth of the tube, and retains
its luminosity. If there are convection currents they must be such
as to throw oxygen into the flame in the former case, but not in the
latter.
The observations recorded in Table II. were undertaken to test
whether the difference of potential required for the spark depended
largely upon the height of the flame. Where the conditions are in
common with cases in the former series, the observations serve as a
test of consistency; the agreement is satisfactory. Diagram 2,
representing the results, in addition to confirming the conclusions
drawn from the preceding diagram, shows that the variation of the
height of the flame produces little change in the electromotive
force, when the flame is non-luminous; also when the flame is
luminous and the electrification positive, but that it produces a great
difference in the remaining case, when the flame is luminous and
the electrification negative, so long as the flame is not sufficiently
high to reach the disc. Though the flame is attracted so as to be
in contact with the disc, the discharge still passes in the form of a
spark.
This investigation was made in one of the fine suite of rooms
recently added to the Physical Laboratory, and in conducting it
we had every facility given us by Professor Tait.
I
TABLE I.
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to
 
th
e 
di
sc
; 
sp
ar
k 
pa
ss
es
th
ro
ug
h 
th
e 
fla
m
e.
Fl
am
e 
a
tt
ra
ct
ed
 
fir
st,
 
th
en
 
re
pe
lle
d,
 
be
co
m
in
g 
ho
rn
ed
 
a
n
d 
le
ss
lu
m
in
ou
s. 
Sp
ar
k 
do
es
 
n
o
t 
pa
ss
 
to
 
ti
p,
 
bu
t 
a
bo
ut
 
ha
lf 
w
ay
do
w
n.
Fl
am
e 
re
pe
lle
d,
 
lo
si
ng
 
lu
m
in
os
ity
; 
sp
ar
k 
do
es
 
n
o
t 
go
 
th
ro
ug
h 
th
e
fla
m
e.
A
 
la
rg
e 
sp
ar
k 
af
te
r 
so
m
e 
tim
e 
; 
sp
ar
k 
go
es
 
be
lo
w
 
th
e 
fla
m
e, 
n
o
t
th
ro
ug
h 
it.
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th
ro
ug
h  
th
e
 
fla
m
e.
H
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a
 
pr
ot
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er
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w
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ds
 
th
e
 
di
sc
 
w
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ch
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te
st
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t
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lf-
w
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u
p 
ra
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us
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di
sc
 
; 
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ar
k 
pa
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es
 
to
 
pr
ot
ub
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an
ce
.
Pr
ot
ub
er
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ce
 
o
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ite
 
m
id
dl
e,
 
u
pp
er
 
pa
rt 
pa
ra
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l t
o
 
di
sc
 
; 
sc
in
-
til
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tio
ns
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ss
 
in
 
st
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am
s 
to
 
th
e
 
to
p;
 
sp
ar
k 
pa
ss
es
 
to
 
pr
ot
u-
be
ra
nc
e.
Fl
am
e 
th
ro
w
n
 
do
w
n
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lo
w
,
 
w
he
n
 
th
e
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ar
k 
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es
.
N
o
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k  
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th
e
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se
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th
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e 
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e 
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ad
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gs
.
In
de
x
 
ge
ne
ra
lly
 
st
ea
dy
 
fo
r 
so
m
e 
tim
e 
be
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re
 
th
e
 
sp
ar
k 
to
ok
pl
ac
e
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ar
k 
o
bt
ai
ne
d 
o
n
ly
 
a
ft
er
 
a
 
c
o
n
s
id
er
ab
le
 
ti
m
e.
Fl
am
e 
sli
gh
tly
 
a
tt
ra
ct
ed
; 
sc
in
til
la
tio
ns
 
af
te
r 
th
e
 
pa
ss
ag
e 
1
of
 
th
e
 
sp
ar
k.
To
p  
of
 
fla
m
e r
ep
el
le
d 
do
wn
 
in
to
 
th
e
 
bo
dy
 
of
 
th
e
 
fla
m
e.
D
itt
o.
Sc
in
til
la
tio
ns
 
af
te
r 
th
e 
sp
ar
k;
 
sp
ar
k 
do
es
 
n
o
t p
as
s 
th
ro
ug
h 
i^
an
y 
co
n
sid
er
ab
le
 
po
rti
on
 
of
 
th
e
 
fla
m
e.
 
\ "
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do
wn
 
so
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to
 
o
v
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p 
th
e
 
to
p 
of
 
th
e
 
tu
be
.
D
itt
o.
Lo
w
er
 
pa
rt 
of
 
fla
m
e 
m
o
st
 
af
fe
ct
ed
; 
fla
m
e 
th
ro
w
n
 
do
wn
in
to
 
an
d 
o
v
er
 
tu
be
; 
in
de
x
 
v
er
y 
sh
ak
y 
be
fo
re
 
th
e
 
pa
ss
-
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g  
of
 
th
e
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k.
 
J
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ds
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e
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,
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e
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w
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sa
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; 
n
o
sig
n
 
of
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y 
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ha
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e 
be
fo
re
 
th
e
 
pa
ss
in
g 
of
 
a
 
la
rg
e 
sp
ar
k.
Fi
rs
t 
at
tr
ac
te
d,
 
th
en
 
ye
llo
w
ne
ss
 
di
sa
pp
ea
rs
,
 
th
en
 
re
pe
lle
d 
a
n
d
be
co
m
es
 
lik
e 
a
 
bl
ow
-p
ip
e 
fla
m
e;
 
la
rg
e 
sp
ar
k 
fin
al
ly
.
D
itt
o.
Fl
am
e 
at
tr
ac
te
d 
so
 
as
 
al
m
os
t 
to
 
to
uc
h,
 
th
en
 
be
co
m
es
 
bl
ue
,
 
a
n
d
be
co
m
es
 
di
m
in
ish
ed
 
as
 
be
fo
re
,
 
ta
ki
ng
 
th
e
 
fo
rm
 
of
 
a
 
tw
ist
ed
fa
ng
 
po
in
tin
g  
to
 
th
e
 
di
sc
 
; 
la
rg
e 
sp
ar
k.
V
er
y 
n
ea
rly
 
to
uc
hi
ng
; 
go
od
 
de
al
 
of
 
ye
llo
w
 
re
m
ai
ns
,
 
n
o
t d
im
in
-
ish
ed
 
m
u
ch
; 
ho
rn
s  
a
t 
ex
tr
em
ity
 
of
 
fla
m
e 
st
re
tc
hi
ng
 
o
u
t 
to
di
sc
.
To
uc
hi
ng
,
 
re
m
ai
ns
 
in
 
co
n
ta
ct
,
 
ca
rb
on
 
de
po
sit
ed
 
o
n
 
di
sc
 
fo
r 
th
e
fir
st 
tim
e 
; s
pa
rk
 
th
ro
ug
h 
th
e
 
fla
m
e.
A
 
st
ill
 
hi
gh
er
 
fla
m
e  w
as
 
tr
ie
d 
; 
co
n
ta
ct
 
pe
rm
an
en
t, 
w
ith
 
ca
rb
on
de
po
sit
ed
 
on
 
th
e
 
di
sc
.
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